INTRODUCTION
============

Obstructive sleep apnea (OSA) is the most common form of sleep-disordered breathing. It is estimated to affect about 4% of men and 2% of women in Western communities.^[@R1],[@R2]^ Obstructive sleep apnea is associated with sleep disturbance from snoring, choking, and wakefulness and with excessive daytime sleepiness and fatigue, all affecting physical and psycho-social well-being. Hypertension, coronary artery disease, arrhythmia, heart attack, heart failure, cerebrovascular disease, cancer, diabetes, obesity, pneumonia, anxiety, and depression have been identified as complications for OSA patients.^[@R3]--[@R8]^

Cerebrovascular disease is the leading cause of acquired disability in adults and the second leading cause of death worldwide.^[@R9],[@R10]^ Risk factors such as cardiac diseases, hypertension, diabetes mellitus, smoking, alcohol intake, unhealthy diet, abdominal obesity, lack of exercise, psychosocial stress, and depression contribute 90% of stroke risk.^[@R10]^ Molecular markers of coagulation and fibrinolysis, arterial stiffness, immune-inflammatory factors, and biochemical profiles were also found to be associated with cerebrovascular disease.^[@R11]--[@R16]^

Several studies suggest that people with OSA have increased risk of cerebrovascular disease.^[@R17]--[@R20]^ When treating people with OSA, continuous positive airway pressure is considered the first-line treatment for moderate to severe OSA and has many treatment benefits.^[@R21]^ However, many patients have poor compliance with using continuous positive airway pressure due to discomfort from the apparatus.^[@R5]^ Surgical interventions such as uvulopalatopharyngoplasty (UPPP), maxillo-mandibular advancement, radio frequency ablation, and palatal implants are alternative OSA treatments. Uvulopalatopharyngoplasty is the most common surgical procedure used to treat patients with OSA, with success rates ranges from 36% to 62% and improved apnea--hypopnea index according to various procedure modifications.^[@R22]^ However, limited information was available on the real effectiveness of UPPP for improving OSA-related disease, particularly cerebrovascular disease. Therefore, we conducted this nationwide population-based study to investigate the effectiveness of UPPP in reducing risk of cerebrovascular disease among patients with OSA.

METHODS
=======

Source of Data
--------------

Taiwan\'s National Health Insurance Program has integrated medical claims since 1996, and this database is available to researchers with identification numbers of those insured scrambled to protect patient privacy. Sets of information available for this study include sex, birth dates, diagnoses, health care received, medications prescribed, admissions, discharges, medical institutions, and physicians providing services. For research and administrative purposes, Taiwan National Health Research Institute has released a data subset of claims data for 1 million randomly selected insurance enrollees aged 0 to 113 years in 2005. This random subgroup represents about 5 % of Taiwan\'s insured population. Information on health care was collected from 1996 to 2008.^[@R23]--[@R25]^

Ethical Approval
----------------

Insurance reimbursement claims used in this study were from Taiwan\'s National Health Insurance Research Database. To protect personal privacy, the electronic database was decoded with patient identifications scrambled for further public access for research. This study was evaluated and approved by Taiwan\'s National Health Research Institutes (NHIRD-103-121) and the Institutional Review Board of Taipei Medical University (TMU-JIRB-201404070); informed consent was exempted because patient identification has been decoded and scrambled. This study was conducted in accordance with the Declaration of Helsinki.^[@R23]--[@R25]^

Study Design
------------

In this longitudinal cohort of 1 million insured individuals, we identified an intervention cohort of patients aged 18 years and older with primary new diagnosis of OSA receiving UPPP between 2005 and 2007 (without any previous record of diagnosis or treatment for OSA from the database since 1996) and without a history of cerebrovascular disease before the index date. Patients with OSA who did not receive UPPP and had no history of cerebrovascular disease were identified as the nonintervention group.

Patients with any diagnosis of cerebrovascular disease before the index date were excluded to ensure that all study participants were free of cerebrovascular disease at the start of both cohorts. Follow-up for 12 months started at the new diagnosis of OSA for 1 year in patients who did not receive UPPP. To reduce the immortal time bias in the intervention group,^[@R26]^ patients with OSA receiving UPPP were followed for 12 months starting at surgery. We sought to determine whether individuals with OSA who received UPPP faced a reduced risk of cerebrovascular disease compared with those who did not.

Measures and Definitions
------------------------

We identified income status by defining low-income patients as those qualifying for waived medical copayment as verified by the Bureau of National Health Insurance. Population density was calculated by dividing the population (persons) by the area (square kilometers) for each administrative unit of Taiwan and then sorting these areas into quartiles of low, moderate, high, and very high urbanization. These categories were used as surrogates for residential urbanization. Medications, such as aspirin, anticoagulant, coumadin, enoxaparin, heparin, statin (included atorvastatin, simvastatin, rosuvastatin, fluvastatin, lovastatin, pravastatin), and anti-hypertension (included beta-blocker, angiotensin converting enzyme inhibitor, calcium channel blockers, diuretics) were also considered in this study.

Following previous reports,^[@R23]--[@R25]^ we used codes from *the International Classification of Diseases, Ninth Revision, Clinical Modification* (ICD-9-CM) to define medical conditions. Cerebrovascular disease (ICD-9-CM 430--438) and OSA (ICD-9-CM 780.51, 780.53, 780.57) were defined as outcome and exposure, respectively. Coexisting medical conditions were determined from medical claims for the follow-up period and pre-OSA period within 24 months, such as hypertension (ICD-9-CM 401--405), mental disorders (ICD-9-CM 290--319), chronic obstructive pulmonary disease (ICD-9-CM490--496), hyperlipidemia (ICD-9-CM 272.0, 272.1, and 272.2), ischemic heart disease (ICD-9-CM 410--414), asthma (ICD-9-CM 493), diabetes (ICD-9-CM 250), atherosclerosis (440), liver cirrhosis (ICD-9-CM 571), traumatic brain injury (ICD-9-CM 800--804, 850--854), pneumonia (480--486), congestive heart failure (ICD-9-CM 428), epilepsy (ICD-9-CM 345), and atrial fibrillation (ICD-9-CM 427.31). Alcohol-related illness included alcoholic psychoses (ICD-9-CM 291), alcohol dependence syndrome (ICD-9-CM 303), alcohol abuse (ICD-9-CM 305), alcoholic fatty liver (ICD-9-CM 571.0), acute alcoholic hepatitis (ICD-9-CM 571.1), alcoholic cirrhosis of the liver (ICD-9-CM 571.2), and alcoholic liver damage (ICD-9-CM 571.3). Renal dialysis was identified by the administration code (D8, D9).

Statistical Analysis
--------------------

Our study used chi-square tests to compare sociodemographic characteristics and coexisting medical conditions between people who did and did not receive UPPP. The multivariate Poisson regression analysis was used to calculate the adjusted rate ratio (RR) and 95% confidence interval (CI) of cerebrovascular disease in these patients with adjustment for sociodemographics and coexisting medical conditions. To investigate the effects of potential confounding factors on the association between UPPP and risk of cerebrovascular disease, we performed model 1 (unadjusted), model 2 (adjusted for age and sex), model 3 (adjusted for age, sex, low income, and urbanization), model 4 (all sociodemographics and medical conditions), and model 5 (all sociodemographics, medical conditions, and medications) to calculate RRs and 95% CIs of risk of cerebrovascular disease associated with UPPP.

In the age- and sex-stratified analysis of age, sex, and coexisting medical conditions, the multivariate Poisson regression analysis was also used to calculate RRs and 95% CIs of cerebrovascular disease associated with receiving UPPP after adjustment for age, sex, low income, urbanization, mental disorders, hypertension, chronic obstructive pulmonary disease, ischemic heart disease, hyperlipidemia, diabetes, asthma, smoking cessation, atherosclerosis, traumatic brain injury, pneumonia, alcohol-related illness, liver cirrhosis, congestive heart failure, epilepsy, renal dialysis, atrial fibrillation, and medications.

RESULTS
=======

Compared with OSA patients without UPPP (Table [1](#T1){ref-type="table"}), patients with OSA receiving UPPP had lower proportions of people aged ≥65 years (1.5% vs 14.0%, *P* \< 0.0001), females (18.5% vs 38.3%, *P* \< 0.0001), and people with low-income status (1.5% vs 3.3%, *P* \< 0.0001), mental disorders (22.1% vs 39.5%, *P* \< 0.0001), hypertension (20.1% vs 32.1%, *P* \< 0.0001), chronic obstructive pulmonary disease (10.3% vs 22.4%, *P* \< 0.0001), ischemic heart disease (8.3% vs 17.5%, *P* \< 0.0001), hyperlipidemia (7.2% vs 11.9%, *P* \< 0.0001), diabetes (5.7% vs 12.4%, *P* \< 0.0001), asthma (5.6% vs 11.0%, *P* \< 0.0001), atherosclerosis (3.6% vs 8.0%, *P* \< 0.0001), traumatic brain injury, (2.8% vs 5.8%, *P* \< 0.0001), pneumonia (2.7% vs 5.0%, *P* \< 0.0001), alcohol-related illness (2.5% vs 4.4%, *P* \< 0.0001), liver cirrhosis (2.3% vs 5.1%, *P* \< 0.0001), congestive heart failure (0.5% vs 2.4%, *P* \< 0.0001), epilepsy (0.5% vs 1.2%, *P* \< 0.0001), atrial fibrillation (0.2% vs 0.6%, *P* \< 0.0001), and renal dialysis (0.1% vs 0.8%, *P* \< 0.0001).

###### 

Sociodemographic Factors and Coexisting Medical Conditions in Obstructive Sleep Apnea Patients With and Without UPPP
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Among patients with OSA, patients receiving UPPP had lower 1-year incidence of cerebrovascular disease than those without UPPP treatment (1.06% vs 5.14%, *P* \< 0.0001) (Table [2](#T2){ref-type="table"}). The 1-year incidences of hemorrhagic stroke (0.07% vs 0.47%, *P* \< 0.0001), ischemic stroke (0.30% vs 1.76%, *P* \< 0.0001), other stroke (0.35% vs 1.45%, *P* \< 0.0001), transient ischemic attack (0.25% vs 0.68%, *P* \< 0.0001), and late effects of cerebrovascular disease (0.09% vs 0.79%, *P* \< 0.0001) were also lower in patients receiving UPPP than in those without.

###### 

One-year Incidence of Cerebrovascular Disease Among Patients With Obstructive Sleep Apnea in 2004 to 2009
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In model 1 with univariate Poisson regression analysis (Table [3](#T3){ref-type="table"}), patients with OSA receiving UPPP had lower RRs of cerebrovascular disease compared with those who did not receive UPPP (RR 0.21, 95% CI 0.16--0.27). After adjustment for all sociodemographic factors, coexisting medical conditions, and medications in the multivariate Poisson regression (model 5), UPPP in patients with OSA was associated with reduced risk of cerebrovascular disease with an adjusted RR of 0.45 (95% CI 0.33--0.61).

###### 

Risk of Cerebrovascular Disease Among Patients With Obstructive Sleep Apnea Receiving UPPP in 2004 to 2009^∗^
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In patients with OSA (Table [4](#T4){ref-type="table"}), receiving UPPP was associated with reduced risk of cerebrovascular disease in both women (RR 0.41, 95% CI 0.20--0.85) and men (RR 0.47, 95% CI 0.33--0.66), and in those aged 45--54 (RR 0.43, 95% CI 0.25--0.72), and ≥ 55 years (RR 0.33, 95% CI 0.21--0.53). Regarding coexisting medical conditions, whether patients with OSA had 0 (RR 0.28, 95% CI 0.12--0.68), 1 (RR 0.39, 95% CI 0.21--0.73), or ≥ 2 (RR 0.63, 95% CI 0.43--0.93) medical conditions, those receiving UPPP showed protective effect regarding risk of cerebrovascular disease. Compared with those who did not receive UPPP (Table [5](#T5){ref-type="table"}), the RRs of patients receiving UPPP who had hypertension and ≥ 2 medical conditions were 0.58 (95% CI 0.39--0.87) and 0.60 (95% CI 0.42--0.86), respectively.

###### 

Stratification Analysis for the Association Between UPPP and Risk of Cerebrovascular Disease in Patients With Obstructive Sleep Apnea
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###### 

Impact of UPPP on Risk of Cerebrovascular Disease in OSA Patients With Medical Conditions
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DISCUSSION
==========

Using claims data from Taiwan\'s National Health Insurance Research Database, our results showed that patients with OSA who received UPPP had a significantly reduced risk of cerebrovascular disease within the first year after UPPP. This benefit was observed in both genders and in those with various coexisting medical conditions. To the best of our knowledge, this is the first study reporting the benefit of UPPP regarding reduced risk of cerebrovascular disease for patients with OSA.

When investigating the relationship between OSA and risk of cerebrovascular disease, potential confounding factors need to be considered. Age, gender, and socioeconomic status have been related to OSA, and these factors are also associated with cerebrovascular disease.^[@R1],[@R2],[@R27]--[@R29]^ Coexisting medical conditions, such as hypertension,^[@R3],[@R10]^ diabetes,^[@R4],[@R10]^ cardiovascular diseases,^[@R10],[@R20]^ asthma,^[@R30]^ pneumonia,^[@R8]^ and mental disorders,^[@R30]^ have been related to sleep apnea and cerebrovascular disease. Moreover, patients with OSA and cerebrovascular disease may take antiplatelet or anticoagulant medications to prevent thrombo-embolism. To eliminate confounding effects from age, gender, low income, urbanization, coexisting medical conditions, and medications, we used the multivariate Poisson regression model to adjust these potential confounding factors when assessing risk of cerebrovascular disease in OSA patients who did or did not receive UPPP. Older patients and those with major medical conditions might not receive surgical interventions due to higher risks of mortality and morbidity from anesthetics and surgery. This may explain why patients who did not receive UPPP were older and had more coexisting medical conditions than those who received UPPP in the present study. In addition, patients who had more severe OSA may have more medical conditions, such as hypertension.^[@R3],[@R10]^ In this study, we found that the benefit of UPPP in reducing risk of cerebrovascular disease decreased in those who had more medical conditions. However, limited data from the National Health Insurance Research Database prevented us from considering the respiratory disturbance index and the apnea-hypopnea index, as this information is not available in the database.

The stratification analysis found RRs of 1-year incidence of cerebrovascular disease in patients with UPPP are significantly lower than those without UPPP in both genders as well as in patients with zero, 1, and 2 or more coexisting medical conditions. As in general, older people had higher risk of cerebrovascular disease compared with younger populations,^[@R10]^ we found UPPP showed more significant protective effects regarding cerebrovascular disease in older patients with OSA.

To clarify the beneficial effects of UPPP in reducing the cerebrovascular disease risk in patients with OSA, we propose some possible explanations. First, chronic hypoxemia may cause increased erythropoiesis, blood viscosity, and coagulability that may lead to thrombosis and cerebrovascular disease.^[@R31]^ Uvulopalatopharyngoplasty improves oxygenation in patients with OSA, prevents patients from intermittent hypoxemia during apnea episodes, and thus reduces the risk of cerebrovascular disease. Second, intermittent hypoxemia, chemoreceptor stimulation, sympathetic activation, and the renin--angiotensin system activation are possible mechanisms by which OSA might lead to hypertension and arrhythmias, increasing the risk of cerebrovascular disease.^[@R32]--[@R35]^ The UPPP treatment may prevent hypopnea or apnea and subsequent hypoventilation in patients with OSA, and therefore improve hypertension and arrhythmias. Third, frequent waking and sleep deprivation may cause a stressed mood and further exacerbate hypertension, thus increasing cerebrovascular disease risk.^[@R32],[@R36]^ Patients who receive UPPP may have improved sleep quality and maintain stable blood pressure. Fourth, as OSA has been associated with increased platelet activation, increased fibrinogen, and other potential markers of thrombotic risk,^[@R37],[@R38]^ UPPP may benefit patients with OSA as another surgical treatment reducing prothrombotic effects.^[@R39]^ In addition, OSA has been reported to increase the incidence of pneumonia, since apnea results in negative intra-thoracic pressure that increases the risk of pulmonary aspiration and subsequent pneumonia,^[@R8]^ and pneumonia appeared to confer a higher risk of cerebrovascular disease in another population-based study.^[@R40]^ Uvulopalatopharyngoplasty improves apnea symptoms and, as a consequence, may prevent pneumonia and decrease cerebrovascular disease risk.^[@R41]^ Finally, patients with OSA showed greater signs of early atherosclerosis, increased arterial stiffness, increased carotid intima-media thickness, and increased prevalence of silent brain infarcts.^[@R20],[@R42]^ A decrease in cardiac output during obstructive apnea may cause cerebral perfusion impairment.^[@R20]^ These conditions may predispose to ischemic events in patients with cerebral blood flow limitations.^[@R20]^ Considering these possible benefits, it was reasonable that UPPP reduced the post-operative risk of cerebrovascular disease among patients with OSA.

Among people with OSA, the observation that 1-year incidence of hemorrhagic stroke is lower in patients receiving UPPP than in those without UPPP treatment indicates that patients with OSA might be more likely to have less-severe cerebrovascular disease. However, the present study may be limited because we could not use animal or human trials to provide the mechanism of this phenomenon. The results of this study were similar to a previous investigation reporting higher proportion of ischemic stroke than hemorrhage among all stroke patients in Taiwan.^[@R43]^

There are some limitations in this study. First it is a relatively small number of older patients in our analysis, so we did not investigate UPPP\'s effects regarding risk of cerebrovascular disease in the elderly. Second, the insurance reimbursement claims data lack detailed information that might help to demarcate OSA severity, as they have no data on biomedical measures, risk scores, lifestyle factors such as smoking or drinking alcohol, or clinical examination results such as prior abnormal cerebrovascular symptoms, blood pressure, respiratory disturbance index, apnea--hypopnea index, and biochemical or image study reports. Third, although polysomnography is the gold standard for OSA diagnosis and covered under National Health Insurance, patients may choose to use selfpay clinics for this service, and this could result in underestimation of this intervention for the study population. Fourth, some extra-paid (not covered by Taiwan\'s National Health Insurance) OSA treatments are not documented in the National Health Insurance Research Database. These include continuous positive airway pressure ventilator support, maxillo-mandibular advancement, and palatal implants. Patients who did not receive UPPP may have benefited from continuous positive airway pressure treatment or other selfpay interventions or remained untreated. We believe that the comparison cohort may have had a higher proportion of extra-paid OSA treatments than patients with UPPP, and this phenomenon may result in underestimation of the beneficial effects of UPPP in this study. Finally, the classification of subtypes of cerebrovascular disease in the emergency departments of Taiwan\'s medical system in Taiwan was limited because the proportion of other subtypes of cerebrovascular disease was higher than in other countries.^[@R27]^

Our nationwide retrospective cohort study found that OSA patients who received UPPP had a significant reduction of 1-year risk of cerebrovascular disease. This implies that surgical intervention for OSA treatment may reduce the likelihood of future cerebrovascular events and subsequent disabilities or mortality. Clinical physicians could have more evidence to persuade patients to receive surgical intervention, especially those who have severe OSA symptoms or do not acquire adequate symptom relief under conservative treatments. However, further investigations are warranted to evaluate the treatment efficacy of other surgical procedures on OSA complications such as reduction of cerebrovascular disease, as well as on cardiovascular, metabolic, respiratory, or psychosocial complications.

This study is based on data obtained from the National Health Insurance Research Database provided by the Bureau of National Health Insurance of Taiwan\'s Ministry of Health and Welfare and managed by the National Health Research Institutes. The authors' interpretation and conclusions do not represent viewpoints of these agencies.

Abbreviations: CI = confidence interval, ICD-9-CM = International Classification of Diseases, Ninth Revision, Clinical Modification, OSA = obstructive sleep apnea, RR = rate ratio, UPPP = uvulopalatopharyngoplasty.
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